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mmm 

5 *mm-*t(Dmmmiz&mtisyi$:^tsm (jut. rm&itawimi tut) 
20 itm<om=f-xh^r^. vt^mw^T^ ^u^izm^^nxi^j:z>r^y^ 



Jl*Sit) €IAt5 C £ IZJz o T, 5. 5V T? 1 OOcd/m* <0+^^:^^fiJc$ tltfz (# 
^34:^1 #p„) 0 

jEH)ixm£vxmy^u^T-> out. rcuPcj tut) £*spau $e>icsg 
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5 3\MiMMT'£> ; & N,N' -di (naphthalene-1-yl)-N,N' -diphenyl-benzidene (UT, 
TNPBJ ttttXDMmiSiOBkZ. tUX. JEll&AmT'&Z CuPc ^tlfcJETLJi 
A14£W UTl\<5 TOSo 

H@(cffliNe>tiS-r>v^AxX^<b#i(mT. moj <hIEif-)(;mi] 

M3t£fr?<!:. 7k<fcO*£ft!ltfWS#0 o LfZZo UPB<D7k£<D&Mfti*70° ~80° 
10 SfltC**K ITO £ NPB T{^a®XT^^=t ^ -CD^^[C^^C^C<t^t>^o 
Z\<Dtz.MZ IT0 ±{Cifi& NPB NPB^^fcU^>T<. iSH 1 ^ L 

Tli^<lC^kUTU*p. IE?l;£AJi<tUTCuPc £ ITO <h NPB WmizW AU 
npb (D^fk^riqi^cii^fsmit^libfe^eT*^^. 

mfl5<D#(C U£?U±AJi(C CuPc ^ffltN^C^T^ptm^ <D(SIS14^lfi]±UT 

15 mm^te&fc.-t-itti:<b<D£m\x.teiK t<omm<D—-Dtvx. cupco 

(IMtfWatt 1 ) 

C. W. Tang et al., Applied Physics Letters, Vol. 51, No. 12, 913-915 (1987) 
Wft&Xtt 2 ) 

20 S. A. Van Slyke et al., Applied Physics Letters, Vol.69, No. 15, 2160-2162 
(1996) 



imn & w : ,& u <fc ? t u t t > mm) 

-£CT\ *#£WT*liIE?L}£AJilC CuPc 7? □ «>7- >&mMc 

nfrn^&kmtt&m-fz z\ t zmmt 

^o. iER&Ammmmzii7,mmnizm-fz\t$:ftmt?% *>co-e&&. 

< z.tx\ '&*<DKQ-n<Dm.mttT*Ytmist^m=?-£.v ^m^mm^n^z 
ttfT-zzo *mRmizfixmmn*izm?z\tx7?nzs7-><Dmmwfa± 
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izmi t> titcMK m t . m uf%m t$ <t zfrnmrnmo m ic^(t e> tifc ie?l;± Am t , 
10 mnr-hz. 



H8 It. m*m%s<DM:i*m$:7ri?mT*&Z> a 

m.wT'&n\£j:{,\t)K mm±izmwt£Wi \ mm mm) zmmu. m i mm (m 
m> frtt*wj\&?m*im?kw-i!BLMx~$>z> 0 nmit. m i nmzmizmmt 

*mwizmmT*£2>mytm : ?-T'$>z>tf. m ^ mmtm i mmtomiz^K 

e>^14K^rWr-5>m^S§14'ft:^ mz.lt. tcnq-F4 ^ v z o s ^:<t:) £K-A> 



*wm.m<D&mvtf&<tz&z.£.t3mnz*iz>o u^u&#£k c u p c immtz? 
ziii&ik<tu'$>?i\&m.z*>-Oo ±m<Dmiz. jixmmmzm-f^tiz&zmm 
&<Dim±t)K mn&&<ts:2>z.£iz&misTi\z>i3:t>s cupc &mm<tuT ! bM.m 
mmmizm?z\tx'mm{tt)mxzn%<DT'izte^fr£mz-%o 

iER&Am&mmvtc.mzmm&m?rt*T*&2>w. mmmnn^u 

(nmm) 
mmm 1 ] 

z-?ju^ j r>A-?jj£<Dmi&i&miz'Di\TMi&-fz>o zwrnm^mits 

& a oxmmwcD&m&mmtfi icffo tz&. mm.t urn ici^a uttft t -mt 

zitzz\£iz^Tm±yim$:?T?z.tWT'&z a 

m i izTKT&ytm+mm&mi** mmm 101 amm^Mfa. *?)^*5it 
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mcxmrn^tir^mm- -?x#xhv#m 102 Hu^sMio3<t. 

1 104 <h. W&M^SM 2 105 <b, ^S^*^ 106 cvd m. 107 £tit;tf 

Xhy^108<fc. ^ih^ 109 i^WTSo 

iC&oTfcU* X|/^-^-ig©#Slii<S (^HJS0!lTtt 126.6mraX126.6min 
126.6mmX126.6mra <hfS) 10 flOR^-T^o fSL *!2U£gMT*(i*4|S]<D|S] 

^it^wxii, ISA U7c±e*£(c*t ^xmmmm^izm^itx u * ? . 
i\xm.wtz>. 
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£-t\ mm.m 101 <t. mmmg. 103 mmmmm i io* <t> ^mmm^. 2 105 
&mmmM 106 cvo^ 107 tt^«> io- 5 ~io- s Pa ZLT-mK^izmmztiT 

Ct^lWiL/Tl^. • -?x#x 102 

s^ni^«:^^c:<h(cf en^. s&^sis- -?x?*hy?mfrz>m.mm. 101 
hest-sis • vx^^ h v zmommm&izmmu. mfan : &m iso°c-c 30 ^ 
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^ic.ng^BuJaai 103 frzmmm. 101 mmxmmmmm 2 105 ^«jatu 

"77.^ £ CCD 2.#ffiffl UfcT^-r* > IE?L;±AJi CuPc £ 

0.1nm/sec<7)U- hT20nn.^fiJc^ o fiIfl2T'lt @££ft£:§§$*31i (# 

n^ra* 6 mm t-tz>) frbtin&imzits ±^os«±ic^its. is* 
* mmtmmisT&v , ^niz^^xmm^izmm^n^mmom^^^ 

n.*fc,M(DlfIA^|5li^i:W^I?6$^ftIi}ii:<j:oT, 

ifc(C, *&£«£2£M 101 mmX' CVO M 107 ^«S:ii|-r<5. CVD ^iCi&iH 

$n^*-C(i CVD 10- 5 ~10- 8 Pa ^T*^K^lCgm$nTl\-5„ ttSiH^lC CVD 
MlCi§t5Eg(D&ijt;tfX£: 500sccm Tiftt&ir&o mtt^X^tttft-rSia^^-TK^ 
CVD m&mnUT latent) IZ CVD ^rtOJE^Ii— ^"Cfc-S. s 

m^m&mmnmm^iz b ^mmuxts^tc^ mmjjx<D&&$:±#>. cvd^ 

CVD ^ 107 (CfcOTIi. g*&£®|C CVDM^Jf$^^C<h^oI^T*^^>o 

xifummtisTomitMmm&mMM ±izmf&^fci^.mmizti-r^mmmt 
ut. m.&.njix&mmisti^x^t&m mnit Ar+o 2 y^x ^a&a) 

g*s£«si£M 101 gSTn^wa^M 2 105 ^n&at-r-So 7^-0 

> h&JilSTSL lEKmmm NPB £ 0. 2nm/sec T 60nra JfcfiTr&o 
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;i/)7JPS=£A^ft (&T, TAIq3j tlZt) & 0. Inra/sec T* 75nm l&mTZo ft 
f;i/+t^'JH> (JUT, rOMQAj tLlZt) ^ISSiaoT 0.3wt*ti, fi&fi 

m^zttm?zmm&is*y*-&ffl£&fditT'*A-xizi7t>tiz> a 

;*ic, s^ttsin^ ioi gfit'tiifi 106 'vj&at-f -5c ccm i^j§ 

<fcUTCaF,£ 0. Inm/secT 1nnu J&Zfi M & Inm/sec T 200nm #g^3f 
STMU SUt^ (RE) }£ (RE 6 *5£X2 12 EB 

& (eb M^ai(± 6 ,£5£x i <on 6 ^mrr-a) T'<Df£mtmmrd&. *is±<o tft 

&L±<D&?iz&mtzt8:m&i&z.£:mmt. mm^. 101 mmxmif^^<om 
m - 102 izmto i*h ±ie(i^fe%pt<o^fe/\-^^^-5fc^ 

&ALt±T<DmmztiuTmm<Dmmt)mTL. -?x^£3-^t^e>s 
t5-^x^xh^/^^io2^isiiRufct>. sarE-Fiiirru *w&&witn\ 
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fntfK3S£ion SIS- 102, mitJi^JsX^y&mmZ 

'<>\-?z>!&mtf&%o mm^&ztmfc' ^r***hy#mzmuTit, mm* 

m±.=E- ^mz^^mm^(D7^mm<D^Tmn±.^^<D^is.^rs nmz 
irr&. T<iz&±mmizAtiz><D&mmmT'&z> a cnii. mm^JSLZtrnm- 

y^sio8^e» -tn-etiifcaas ioi iMT-e-ft-ett&iLM 109 ictKsrs. 
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«&tsl mm. • tifamm&f&V'Sit, mf±-t^z\tiz^-Dxm±^rTz>o 
5 ±tc cr M^jii^ti/ifeoT-^ y , MmmcDmrnnnzy ^xitmm^mx$>^> 

)U&&±m 109 ^e>8KiH^ 101 • 7X^7h7^ 102 lc«Si2!-f 3. 

JUT, ^OStg&^lfiJS^lcMUT^PI^MS^fTP. fi**#HC 7 

itiht- KI*T&. S« • *£#eS5j*U£AiM,£#ymi±fcffi 
&L±lZ7jkUfc. al^E-H. S^it- K(Cfclt-5-I<0jl!iaiJKI|II^ 

mmm 2 ] 

20 *nifemxi*nmm 1 T'^u^igT*#mufe^^^ictet\T, &.nmm 
w\^a-Dtc.m.<Dmm.mt\zz>\.\xm^rz a 

m+mmzm 2 ic^-r 0 ns 201 £ lt no™ <d no «fj£K£n£# 
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^Xmm 207 ICttU lO^-lO^Pa <DM^TX'iEJU±Xm 202 £ UTCuPc £ 20nm 

mmistd&s mmis 7,nm%*\z s amu ^o'&jEjimvtm 203 tut npb 

£ 60mu ¥£ltm 204 <fc UT Alq £ DMQA £>£^tl|g|£ 37. 5nnu ®^H}2iJi 205 <!: 
UT AIq & 37.5nnu »;lNT*Ps^ 206 £ bT CaF, £ Innu Al £ 200nm^t U£:. Alq 
<h DMQA (Ommmt 1 : 0.003 T'&ofco fOt, ^&^fc®JJi£^i U*z$£Jg 

C^lf^fflU, 1000cd/mMctt/£^£«^mjg9.2mA/m'-C\ ^mjffiff 

mnm 1 ] 

mnizmTz.tti:<. Mm-nxupB^mm^m^iz^x. mmmm&nm 

m 2 <h|3|D 1000cd/m 2 |Cl33£U ^S;7SEig»l^ll«SUrc^(Dif0.ttMi^^?To/c 
(M/TSE^g 10. 2mA/m 2 ) . *£^£0 3 07D*yh riiii^ Uj IC^t". ffim&ft. 

zmizurz. nmm 2 xizfttrtmommttw Aiq <t omqa v 1 : 0.003 izn u * 

H«S0>IT'(i 1 : 0.01 fc-T fdKDm^m^^W^;4l±(5)--C^o^:o *7) 
JtJJIgJg li 1 OOOcd/m 2 o C tHC^J55^--5«3SES^(i 13. 4mA/cm i o fco 
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CJ±^2] 

ttmofrmz. nmm z £m=F-mmimmx\ cuPczmmutimz. &mm 
mnizm-tz\£ts:< s m^—nx npb zmmutcm^izis^Xs immm&nm 

mmurcmommm^To ¥zytm*<Dm*mm£uxum*tziimft*i 

S5A(Ct3UT. 501 itmmX&V. CCT?IJ*7^ffll^„ Zf^XTy 

$ ti? vjumm* jc#*~>mm* # ux-^7ju*>uut* tpesj <ti2t-). 

/HU^-tHt>- h(JUTv rpcj <fc!S-Th ^'Jifl/>fl/7^U- bUUT. rpETj 
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502 itmimmmmfrztz&TZ&m mm) -c&y, ^nmrnx-it no *m 
l^^o 503 ittemmfrbtaZT-fm (mm) T&y\ ^mss^-eta caF, 

503 &ftmT%rc:it)<Dmm£UT®mTZo 502 t^-^ 503 

tlTtA^o @5AT(i0^UTl^C\^ ^S^502 503 OFbIIC 

(±w«^b^^^^m*nrfc y . 505 ^®m<t^^o 

i£m.m 502 fcJctf^-^lSg 503 (i TAB T-Z? 507 £tf*UT*fg|5<E>ig 
illH]S&|C^$n'5o /cCfc. 508 502 ^»^UT/<C«5ifi^gf^aUT*5 

U , 509 (i^-^i^ 503 (Ct£ig!£*l?c&i^Kg| 506 Olti^6£:-58egl3¥£g|-f o 

^UTI>£:0#\ TAB^->f 507 <Dft*>U(C. TAB zr — ZflZ IC tttScWfc 
TCP ^r&i^UTfc^lV, 

m 5B (CfcUT. 510 [*<>-;i4*, 511 Itis-Jltf 510 |C<fcyg*5 501 

(cft5y^£ft7c;JjA*-ttT-&<5o ~>-;M* 510 <hUT(i7cl£rt:mJ]I£ffiUTU 

*S 501 <t|H|-<D«W« : *U<, (5£;tf^*£#tf) J foU<li^^5 1 

ifclc, ®m^(D^jt<Dt£^:^^ia 5C ic^To 513 (iW$Hfc^#iJfT*fc<5o 
/«£*3. S 5C IC^-T^PIC, 504 (iT^C04s^±^(Oi|iS <fc U fc&UJfcttlC/j: 

oxfcy. ^-^^503 ^mmiz^mx^^. &rz. v-jwsio-cHsnfc 
si^gnsHji, tstm^efc: suit** 515 iz&vw>nfr*>mmt£ti. mmt&wm 
<D'£<tzm<mm££z^T^z>o 
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&±0&?tS-mm^t3:Z>*5ZW(D¥£?tgimit. ®^gP 514 502, 
T-frU 503. 504 fc<fctfW$Hb^#J/i 513 T'^fife^tl^c^, 

[HJt«5] 

*nmmxit. mmmz^mmomwmytm^-^-r^^mmiz-D^xm 

£B-B' T'^»fb^i)f®llT'«)^o ,£J&T'^£ftfc601 (iSg»j|n]S&gfl (V-X{R'I 

sguuaii&h 602 (Miitgp, 603 izwmmm^ <y- h#iigiftiHis&) -e&&„ £/c, 

604 (i^ihSte. 605 (i->-;Ug)J-C^y. f>-MJ 605 Tffl£n/cPW607 {£. £ 
/<Efc. 608 (iy-X#l|giftI518S 601 RW- htt'lSgiftlHjSS 603 

mn&mmT%tz#)<D&i&T'$> v .n&AJim^ttz* fpc 609 a>e> ¥T*mn. 
tnytmn. *?-hm^. .u-ty hwwsswR*. &*5. cct-ii fpc 
ua^^n-cum^ c^>FPC(c(iyj>hie^s^ out. tpwbj <hie-r) 

-5-niCFPC J foU<(i PWB^Ixy^(te>n/£:*ltS^: i t>^t)(?D < t-r^o 
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V-X$ligUj0S&6O1 (± n ^^^UMTFT 623 £ p ^-f^M TFT 624 
«h$:m^t>1i:fcCM0S |«Ig&^?f$fiJc$n'5. igifcls]i&£Bj£-r<5 TFT (i, & 

%\<D CMOS |Hl«S. PMOS lelS&fc U< it NMOS Isl&TJfcGlcUTfc&l V *$t*fctf> 

SimgP 602 tt^-f V^Xfm TFT 611 <fc, ffi«J8Pffl TFT 612 £^£<D 

yiznnmz&mznrcm i (om@6u t^tj^mcommiz^ijmm^ 
TTtismomft&T&ijjis&miyfcm'S. mm® 6u <o±m^<D^iz&m^ 

(0.2Mm~3Mm) £Wr<5te®£#£:-t±3 C UOo Ifeli#l614<fc 

ut\ m^<omz^-DXJLy^^y^iz^mm^tr^^m. mvtftiz* 
^xjiy^Ar>bizmm^t^^m(DK\rMmm-r^z\t^x'^^ e 
m i onm eu ±icii. mf^^Ji 6i6, n^um 2 osti 617 a^n-eti 

Bm£ftXl\2> a Z.ZLX\ litl/TMt^^ 1 (Dli 613 izm^ZttWtls 

xu, ft«^^i^^ffliv^c<h^isbu. 0y*.(£, ito m % <<>z> 
OAw.ftom.itmm. m<t^*>m. ^oae *>#*T>m. mm. ptmtztf. 
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^mmm 3 <D<fc5&^ig£iSffiirftt£cfci\ 0 

mmt&wm 6i6 ±ic^$ns^ 2 <o«@ (mm) su izm^z 
ttntuxit. i±mmm<D^i^m(M. ks, lu ca, i^ticfteo^MgAg, 

Mgln, AILL CaF,, CaN) ^JBtNfttf^fclNo «fF-fgftJi 616 T'£D/c 

2 <Dm@617 £igi££tt3i§^(C(i, ^2<Dlg flg@) 617<tLT, HI 

$ e>(C^>-^J 605 T'$1±mm 604 610 <hJUiU^b-t±-5C<fclC<fc 

y . ^sis 6ok &±mm. 604, :>-;uaij 605 xm^tira^m 607 

m^618^^S7L6n^:mJtlC/j:oTt^^„ ^fal 607 lc(i, 

m^T)^>m) tfytrnztizm^oiib. *>-;uay 605 Tfttisft&mf&fc^fr 

^itS^ 604 lcffl^^^«*4i:UT^^XSit5•«>5^S|gOffil. tKU-T ^ tf'J 
75 h\ 7*U;MSfJ|§, Xt^ygii, PES, PC, PET, PEN mfribtzZZf^*?- 
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v <? mm. & m i \ & d <t #-e$ . 

CltJ&fc0!l6] 
'J y h#*&3o 
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•£0)JUt0l€BI 7A-7F tS&Zfim 8A, 8B (C^f. *H*£0!!<Dm^|f§(C^£ 

m 7A (i^Ttm^^rfflO^^^ U % 701a. 702a. 

S^gP 703a *56W©f63t«fll«:^» 703a <h Utffll^f^ X^l/^f 

mmtif^^^^X&iJs ***701b, Sc^H9702b« W^A?lSfl 703b. i£ 
f^X< S/3 1 704b. Ay^U-705b, SffcflS 706b £#t,\ ^^(D^Tt^S^S 

^gP702b ^uTfflc^e^^pt^^ia-r^c^tc^y. &mtz 

miClt"rP?)l'j]*^T'$>V. *&701c. a^gP 702c, J£|lggfl703c. 
Vf- 704c $;ftf. *ig0£<Dfgft^m£a^gfl 702c £ LTffll^cf^ ^ 

0 7D (4l5S«Eft«:fl|itfc®|fcff^SI«T?*y, #&701d. f£ii*gft (CO. 
LD. ^.fcitDMOUii) 702d. Jgff 703d. ^SP(A)704d. ^gfl(B)705d 

z^tj. a^gp(A)704d i*£.£isTmmm&zm7f;is. m^mmosi as.tvT 

^m^B^t -5. ^Bfl(D^3t^g^Cltie)a^gP(A)704d ^a^SP(B)705d 
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miEizm&m <^a-ow nvtr^-^T^y. *#7oie, a^eP 702e. 

S&SP 703e, mftX'C 704e, 'J XP y h 705e £^t,\, 1&m<Df&t&. 

wzmTjkm 702e <t uxffl cN/c^gi-] > tr zl itwmr Z C <fc [C<fc y , #fft# 

^M^»^^3>e^-^^ii^T-^^o cornea 
- * ii 7 ^ r> a. * ^ y lift ^t'j^ utimmmmzm n& tm u 
^y> -ett£'s£ufcy-r*c<t#--t?#<5. 

0 7F (*/t- > tTa-^T* y . 701 f % ttft 702 f , g^SP 703 f % 

*-tK-k 704f &^v 0 ^mmomytmm^m^iozf tutfflufc/t-vt 
;u=i>tra.-^^igt-^c<h(c<t:y. ^^a<, ia«t»/t-y^av 

iifS$riiDTK<g$ti«51t^a^-5c:<!:^<^oT^Tfcy. ^(ciftililf 

KizM 8A (i^m^T*^ y 801a, WfSft*lgfl 802a^^A^gP 803a v 
a^SP804a, Jgf£X-f y^ 805a. 7>t+ 806a *5IWCDf£ftg§£a 
^gP804a<hUTfflt^^«iS€#iit-^C < »:ICJ:y, J§tffr#g<» 

0 8Biiwti&35 (m&ttoizitm.mmx-T**) r^y. **Moib, 

g|J802b. ^X-<^^ 803b, 804b £#fc„ *fglMj<D§gttgm£ai7FSfl 802b £ b 
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temmmowzziztt^T^y hj±t- ioo~iso <dw-5S£5S^t£*u£. 
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1. mmt. mmt. mummts&ztffiummomizmtztxfcftytmt. mum 

mz^7,nmmzmrz:t^nmtr^tH:m=F<D^my] : ^ 

2. mmm i iztei\T.m&7*ni/T~>itm7*nz/7—>^$>zz:£&ftm 

6. 3 (CfcOT\ BliIES^S#14<b^{i TCNQ-F4 &<5lMi V 2 0 5 -C&<5C<L 

7. p§@<t. i^@<h. ffiuffimts&tfffitmmomizm-tznrc&ftmt. mzm 

8. m^JS 7 lCfcl\-C TCNQ-F4 ^^IMi V 2 0 s T'&£C<h 
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m7<$rnis7->&m.mnmn*nzm?-o zwmziz&v. m^om^m^ 



